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Abstract 
7KHHIIHFWVRIKROPLXP+RGRSLQJRQWKHIDEULFDWLRQDQGVXSHUFRQGXFWLQJSURSHUWLHVRI*G%D&X2y*G%&2ILOPVIDEULFDWHG
E\PHWDORUJDQLFGHSRVLWLRQXVLQJHWK\OKH[DQDWHVROXWLRQVZHUHLQYHVWLJDWHG+RGRSLQJXSWRDGRSLQJOHYHORIPROGLGQRW
DIIHFW WKHFU\VWDOJURZWKDQGFULWLFDO WUDQVLWLRQ WHPSHUDWXUHVRI WKH*G%&2ILOPV7KH+RGRSHG*G%&2ILOPVVKRZHG LPSURYHG
FULWLFDOGHQVLW\JFFRPSDUHGWRWKHSXUHILOP)RUPRO+RGRSHG*G%&2ILOPVWKHJFDWWKHVHOIPDJQHWLFILHOGDQGWKHD YDOXH
ZHUH0$FPDQGUHVSHFWLYHO\ZKLOHWKRVHRIWKHSXUHILOPVZHUH0$FPDQGUHVSHFWLYHO\
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,663URJUDP&RPPLWWHH
Keywords:+LJK7F2[LGHWKLQILOP0HWDORUJDQLFGHSRVLWLRQ*G%&2+ROPLXPGRSLQJ
 Introduction 
'HYHORSPHQWRI5(%D&X2y5(%&2WKLQILOPVZLWKDKLJKFULWLFDOFXUUHQWGHQVLW\JFXQGHUODUJHPDJQHWLFILHOGV
LVHVVHQWLDOIRUSUDFWLFDODSSOLFDWLRQRI5(%D&X2y5(%&2KLJKWHPSHUDWXUHVXSHUFRQGXFWRUVWRVHFRQGJHQHUDWLRQ
VXSHUFRQGXFWLQJ ZLUHV VXLWDEOH IRU HOHFWULFSRZHU WUDQVPLVVLRQ RU KLJK PDJQHWLF ILHOG JHQHUDWLRQ >@ 6HYHUDO
IDEULFDWLRQWHFKQLTXHVIRU5(%&2ILOPVVXFKDVSXOVHGODVHUDEODWLRQ>@PHWDORUJDQLFFKHPLFDOYDSRUGHSRVLWLRQ>@
DQG PHWDORUJDQLF GHSRVLWLRQ 02' >@ DUH ZHOO NQRZQ WR EH VXLWDEOH IRU SURYLGLQJ 5(%&2 ILOPV ZLWK KLJK
VXSHUFRQGXFWLQJSHUIRUPDQFH$PRQJWKHVHWHFKQLTXHV02'KDVDWWUDFWHGPXFKDWWHQWLRQDVDIDEULFDWLRQPHWKRGRI
5(%&2 ILOPV EHFDXVH RI LWV FRVWHIIHFWLYHQHVV DQG DSSOLFDELOLW\ WR PDVV SURGXFWLRQ RI 5(%&2FRDWHG FRQGXFWRUV
)XUWKHUPRUH 02' HPSOR\LQJ IOXRULQHIUHH VROXWLRQV KDV WKH DGYDQWDJHV RI EHLQJ VLPSOHU DQG LQYROYLQJ D VKRUWHU
KHDWLQJSURFHVVFRPSDUHGWRWULIOXRURDFHWDWHV7)$02'EHFDXVHLWHOLPLQDWHVWKHQHHGWRUHPRYHIOXRULQHIURPWKH
ILOPV (VSHFLDOO\ IRU DSSOLFDWLRQ WR KLJKSHUIRUPDQFHPDJQHWV LW LV YLWDO WR HQKDQFH WKH JF YDOXH IRU02'5(%&2
ILOPV XQGHU D PDJQHWLF ILHOG B 5HFHQWO\ 7)$02' <%&2 ILOPV ZLWK ]LUFRQLXP DGGLWLRQ KDYH EHHQ UHSRUWHG WR
H[KLELWH[FHOOHQWVXSHUFRQGXFWLQJSURSHUWLHV>@,QWKH=UDGGHG<%&2ILOPVQDQRSDUWLFOHVRI%D=U2ZHUHIRXQGWR
DFWDVDUWLILFLDOSLQQLQJFHQWHUV$3&ZKLFKHQKDQFHGJFXQGHUDPDJQHWLFILHOG0RUHRYHULWKDVEHHQUHSRUWHGWKDW


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PL[LQJ RI WZR NLQGV RI 5( HOHPHQWV < DQG *G LQ 02'5(%&2 ILOPV VWURQJO\ HQKDQFHG WKH JFB SHUIRUPDQFH
>@+RZHYHU WKHUH DUH IHZ UHSRUWV RQ$3& GRSLQJ RU 5(PL[LQJ HIIHFWV LQ 5(%&2 ILOPV IDEULFDWHG E\ WKH02'
PHWKRGXVLQJ IOXRULQHIUHH FRDWLQJ VROXWLRQV >@7KHUHIRUH LW LV LPSRUWDQW WR VWXG\ WKH5(GRSLQJ HIIHFWV RQ WKH
IDEULFDWLRQRI02'5(%&2 ILOPV ,Q WKHSUHVHQW VWXG\ZH LQYHVWLJDWHG WKHHIIHFWVRI KROPLXP+RGRSLQJRQ WKH
VXSHUFRQGXFWLQJSURSHUWLHVRI*G%&2ILOPVIDEULFDWHGE\WKH02'PHWKRGXVLQJ+RDGGHG)IUHHVROXWLRQV
2. Experimental 
7KHVWDUWLQJVROXWLRQVIRU*G%&2ILOPVZHUHSUHSDUHGE\PL[LQJWKHDSSURSULDWHDPRXQWVRI*G%DDQG
&XHWK\OKH[DQDWH (+ VROXWLRQV 1LKRQ .DJDNX 6DQJ\R &R /WG 7KH FRPSRVLWLRQDO GHYLDWLRQ IURP 
VWRLFKLRPHWU\ IRU WKHVH VROXWLRQV ZDV DLPHG DW REWDLQLQJ VXSHUFRQGXFWLQJ ILOPV ZLWK KLJK FU\VWDOOLQLW\ DV UHSRUWHG
HOVHZKHUH>@+RGRSHG*G%&2ILOPVZHUHIDEULFDWHGE\PL[LQJ*G%&2VROXWLRQVZLWKDQGPRO+R(+
7KHPL[HGVROXWLRQVZHUHGHSRVLWHGRQîPP/D$O2VLQJOHFU\VWDOVXEVWUDWHVE\VSLQFRDWLQJ7KHFRDWHG
ILOPV ZHUH GULHG DW & IRU  PLQ DQG WKHQ FDOFLQHG DW & IRU  PLQ LQ DLU 7KH FRDWLQJ DQG FDOFLQDWLRQ
SURFHGXUHZDVUHSHDWHGWKUHHWLPHV7KHFDOFLQHGSUHFXUVRUILOPVZHUHILUHGDWDKHDWLQJUDWHRI&PLQWR&NHSW
DW&IRUPLQDQGWKHQFRROHGWRURRPWHPSHUDWXUHLQDWXEHIXUQDFH7KHILULQJZDVSHUIRUPHGLQDPL[WXUHRI
IORZLQJ1DQG2ZLWKDQR[\JHQSDUWLDOSUHVVXUHRIDWP)LQDOO\WKHILOPVZHUHDQQHDOHGDW&IRUKLQ2
7KH ILQDO WKLFNQHVV RI WKH ILOPV ZDV DSSUR[LPDWHO\  QP7KH SKDVHV LQ WKH ILOP ZHUH LGHQWLILHG E\ ;UD\
GLIIUDFWRPHWU\;5'ZLWK&X.α UDGLDWLRQ7KHHOHFWULFDOUHVLVWLYLW\RIWKHVDPSOHVZDVPHDVXUHGE\WKHVWDQGDUGIRXU
SUREHWHFKQLTXHWRGHWHUPLQHWKHTFYDOXHV7KHJFYDOXHVRIWKHVDPSOHVXQGHUGLIIHUHQWPDJQHWLFILHOGVZHUHFDOFXODWHG
IURPBMFXUYHVREWDLQHGE\DVXSHUFRQGXFWLQJTXDQWXPLQWHUIHUHQFHGHYLFHE\XVLQJ%HDQ¶VFULWLFDOPRGHO>@7KH
VXUIDFHRIWKHVDPSOHVZDVFKDUDFWHUL]HGE\VFDQQLQJHOHFWURQPLFURVFRS\6(07KHFRPSRVLWLRQRIWKHVDPSOHVZDV
GHWHUPLQHGE\HQHUJ\GLVSHUVLYH;UD\VSHFWURVFRS\(';
3. Results and discussion 
)LJ D VKRZV;5'SDWWHUQV IRU SXUH DQG+RGRSHG*G%&2 ILOPV%RWKXQGRSHG DQG+RGRSHG*G%&2 ILOPV
VKRZHGDVWURQJFD[LVRULHQWDWLRQ6LJQLILFDQWFKDQJHVRIWKHlSHDNLQWHQVLW\ZHUHQRWREVHUYHGIRUWKHILOPVZLWKD
+RDGGLWLRQRIRYHUPRO7KLVUHVXOWLQGLFDWHGWKDW+RDGGLWLRQVEHORZPROGLGQRWDIIHFWWKHFU\VWDOOL]DWLRQ
DQG JURZWK RI WKH *G%&2 VXSHUFRQGXFWLQJ SKDVH +RZHYHU *G%&2 ILOPV ZLWK  PRO +R DGGLWLRQ VKRZHG D
GHFUHDVHLQWKHSHDNLQWHQVLW\)LJEVKRZVWKH;5'SHDNLQWHQVLW\RIIDVDIXQFWLRQRIWKHDPRXQWRI+R
DGGLWLRQ7KHISHDNLQWHQVLW\LQFUHDVHGZLWKLQFUHDVLQJ+RDGGLWLRQXSWRPRO7KLVLVSRVVLEO\DWWULEXWHGWR
WKDW WKHFU\VWDOOL]DWLRQWHPSHUDWXUHRIRXU02'+R%&2ILOPVDUHΥ ORZHUWKDQWKDWRIRXU02'*G%&2ILOPV
7KH GHFUHDVH LQ I RI PRO+RGRSHG *G%&2 ILOPV SUREDEO\ UHODWHG WR WKH IRUPDWLRQ RI +R%D R[LGHV
GLVFXVVHGLQ)LJ


)LJD;5'SDWWHUQVIRUSXUHDQG+RGRSHG*G%&2ILOPVE;5'SHDNLQWHQVLW\RIIDVDIXQFWLRQRIDPRXQWRI+RDGGLWLRQ


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
)LJ6(0LPDJHVRIDSXUHEPROFPRODQGGPRO+RGRSHG*G%&2ILOPV

)LJVDEFDQGGVKRZ6(0LPDJHVRISXUHPROPRODQGPRO+RGRSHG*G%&2ILOPV
UHVSHFWLYHO\0DQ\ SUHFLSLWDWHVZKLFKZHUH IRXQG WR EH+R%D R[LGHV E\('; DQDO\VLVZHUH REVHUYHG RQ DOO ILOP
VXUIDFHV7KHILOPVVKRZVXSHUFRQGXFWLQJPDWULFHVZLWKUHODWLYHO\IODWDQGGHQVHVXUIDFHV7KHSXUHILOPKDGDVXUIDFH
ZLWKPDQ\KROHVLQWKHPPVL]HUDQJH7KHQXPEHURIKROHVGHFUHDVHGZLWKLQFUHDVLQJ+RDGGLWLRQ)XUWKHUPRUH
WKH GHQVLW\ RI WKH SUHFLSLWDWHV LQFUHDVHG ZLWK +R DGGLWLRQ 7KH SUHFLSLWDWHV RI +R%D R[LGHV ZHUH SRVVLEO\ IRUPHG
GXULQJKHDWLQJRIWKHSUHFXUVRUILOPVZLWKDFRSSHUSRRUFRPSRVLWLRQ
7KHPDJQHWLFILHOGGHSHQGHQFHRIWKHJFIRUSXUHDQG+RGRSHG*G%&2ILOPVDW.LVVKRZQLQ)LJ7KHTFYDOXHV
IRUSXUHPROPRODQGPRO+RGRSHGILOPVZHUHDQG.UHVSHFWLYHO\ZKLFK
LQGLFDWHGWKDW+RGRSLQJGLGQRWDIIHFWWKHTFIRUWKHILOPV7KHJFYDOXHVDWWKHVHOIPDJQHWLFILHOGIRUPRODQG
PRO+RGRSHGILOPVZHUHDQG0$FPUHVSHFWLYHO\7KHJFYDOXHVIRU*G%&2ZLWKDQGPRO+R
ZHUHDQGWLPHVWKDWRISXUH*G%&2ILOPVUHVSHFWLYHO\+RZHYHUWKHVHOIILHOGJFYDOXHIRUPRO+R
GRSHGILOPVZDVDERXWKDOIRIWKDWIRUWKHSXUHILOP7KHLQFUHDVHLQWKHVHOIILHOG-FIRU+RGRSHGILOPVLVSRVVLEO\GXH
WRWKHGHFUHDVHLQWKHQXPEHURIKROHVREVHUYHGRQWKHILOPVXUIDFH
)LJDVKRZVORJJFORJ BSORWVIRUSXUHDQG+RGRSHG*G%&2ILOPV7KHPDJQHWLFILHOGZDVDSSOLHGSDUDOOHOWRWKH
cD[LVRIWKHILOP7KHORJ JFORJBSORWVIRUWKH ILOPVUHYHDODQDOPRVWOLQHDUFRUUHODWLRQEHWZHHQORJ JFDQGORJB ZLWKD
VPDOOGHYLDWLRQQHDU77KDWLVXQGHUORZPDJQHWLFILHOGV7WKH JFB FXUYHVIRURXU02'*G%&2ILOPVFDQEH
ILWWHG E\ WKH HTXDWLRQ JFv%α ,Q WKH DVVHVVPHQW RI JFB SURSHUWLHV WKH SRZHU H[SRQHQW α LV NQRZQ WR EH D XVHIXO
SDUDPHWHUIRUGHVFULELQJWKHSLQQLQJSURSHUWLHVLQVXSHUFRQGXFWLQJWKLQILOPVXQGHUDPDJQHWLFILHOG>@$WPDJQHWLF
ILHOGVEHWZHHQDQG7αZDVHVWLPDWHGIURP)LJD,QJHQHUDOWKHJFBSHUIRUPDQFHLQFUHDVHVZLWKGHFUHDVLQJα
7KH+RDGGLWLRQGHSHQGHQFHRIαIRUWKHSUHVHQWSXUHDQG+RGRSHG*G%&2ILOPVLVVKRZQLQ)LJE7KHαYDOXH
IRU WKH PRO+RGRSHG ILOPZDV ZKLOH WKDW IRU WKH SXUH*G%&2 ILOPZDV  LQGLFDWLQJ WKDW WKHα YDOXH
LPSURYHGXSRQ+RDGGLWLRQ7KHαYDOXHRIIRUWKHSXUH*G%&2ILOPLVFRPSDUDEOHWRWKRVHIRUXQGRSHG7)$
02'<%&2ILOPV±>@7KHα YDOXHIRUWKHPRO+RDGGHG*G%&2ILOPLVKLJKHUWKDQWKDWIRU
PRO=UGRSHG*G%&2>@ZKLFKLVSUHVXPDEO\DWWULEXWDEOHWR%DGHILFLHQF\LQWKH+RDGGHGILOPGXHWRWKH
IRUPDWLRQ RI+R%D2 SUHFLSLWDWHV+RZHYHU WKH Į YDOXH IRU WKH PRO+RDGGHG ILOP GHJUDGHG WR 7KHVH
UHVXOWV UHYHDO WKDW DQ DSSURSULDWH DPRXQW RI +R GRSLQJ HQKDQFHG WKH JFB SURSHUWLHV RI WKH *G%&2 ILOP 7KH
LPSURYHPHQW LQ JF B SURSHUWLHV SUHVXPDEO\ SRLQWHG WR WKH H[LVWHQFH RI VRPH NLQG RI SLQQLQJ FHQWHUV VXFK DV +R
FRQWDLQLQJQDQRSDUWLFOHVIRUPHGLQWKHVXSHUFRQGXFWLQJSKDVH


)LJ0DJQHWLFILHOGGHSHQGHQFHRIJFIRUSXUHDQG+RGRSHG*G%&2ILOPVDW.
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)LJD/RJ JFORJBSORWVIRUSXUHDQG+RGRSHG*G%&2ILOPVE3RZHUODZFRHIILFLHQWαRISXUHDQG+RGRSHG*G%&2ILOPV
4. Conclusions 
:HKDYH VXFFHVVIXOO\JURZQ+RGRSHG*G%&2 ILOPVRQ/D$O2  VLQJOHFU\VWDO VXEVWUDWHVE\PHWDORUJDQLF
GHSRVLWLRQXVLQJHWK\OKH[DQDWHVROXWLRQV+RGRSLQJKDGQRHIIHFWRQWKHFU\VWDOJURZWKRIWKHVXSHUFRQGXFWLQJSKDVH
DQGWKHTFRIWKHILOPVXSWRDGRSLQJDPRXQWRIPRO7KHJFBSHUIRUPDQFHRIWKH*G%&2ILOPVZDVLPSURYHGE\
+RGRSLQJ3XUHPRODQGPRO+RGRSHG*G%&2ILOPVVKRZHGDVHOIILHOGJFDQGDYDOXHVRI0$FP
DQG 0$FPDQG DQG0$FP DQG UHVSHFWLYHO\7KH HQKDQFHPHQWRI WKH JF DQGα YDOXHV
REVHUYHG XSRQ +R GRSLQJ LV SUHVXPDEO\ GXH WR WKH GHFUHDVH LQ WKH QXPEHU RI KROHV RQ WKH ILOP VXUIDFH DQG WKH
IRUPDWLRQRIDUWLILFLDOSLQQLQJFHQWHUVLQWKHVXSHUFRQGXFWLQJSKDVH
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